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IBSTRACO? 


3?hia report laainly provides four types of information} 1) Electron 
density and temperature profiles collected at the Jioamarca Radar 
Observatory, Lima, Peril, located near the magnetic equator, coinci- 
dent with twenty near -overhead passes of OGO-VIj 2) Films of Spread-P 
structure coincident vri.th seven near -overhead passes of OGO-VI; 5) E- 

lectron density contours and vertical plasma drifts coincident vath 
0 

five 6300 A nightglov/ emission intensities measured at the Huanoayo 
Observatory; 4) References to papers completed and prepared for publi- 
cation which are connected with nightglow studies and special events 
such as a magnetic storm and a solar eclipse. 
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Introduction 

The present report covers work carried at the.Jicaaiarca Radio Ob- 
servatory of the Institute Geofisico del Peru (11,95^3 76.87^, 2® Dip)' 

towards the following objectives^ as described’ in a proposal' submitted 
to the Kational Aeronautics and Space Administration; 1) Calibration 
of satellite borne detectors, 2) Supply realistic input data and bo-und- 
ary conditions for theoretical - calculations of F-region morphology, and 
5) Supply needed boundary values for elucidating the physical, processes’ 
leading to the rii^tglo’w. 

-This work has been carried in close -colaboration with Dr« W. B. 
Hanson’s group at the University of Texas,, at Dallas in connection "VTith 
their satellite borne (OGO-VI) temperattire and density probe, and, their 
efforts to mathematically model the dynamics of the equatorial iono- 
spheric phenomena. In addition to- the above objectives, concurrent ra- 
dar arid satellite observations of F-region irregularities have been 
-made in an effort to understand the morphology and the cause -of the ir- 
reg\3larities responsible for Spread-P. 

TTe have performed radar observations and .carried on research work 
in. pursuance of the above mentioned objectives as described under the 
folio-wing headliness 

a) Electron Concentration and Temperature and Spread-F Measurement Go- - . 
ordinated -with OGO-VI Passes 

. Several kinds of in situ probes are flown in the NASA Satellite* 
Program to obtain global coverage of the ionospheric parameters N^, T^, 

T^, The accuracy of the probe measurements can only be obtained if 
the above parameters are measured by another well established technique. 




Such, a technique /see Farley, 1965a, b, for its description/ is present- 
ly used at Jioamarca* ¥e have aade simultaneous observations with the 
radar whenever OGO-TI made a convenient pass over the station. 

We have made 25 coincident measurements at dates and times listed 
in Table I. Concentration and electron teu^^erature measurements have 
been made during twenty of those days. The results are presented in 
40 figures shown in Appendix I. Ion temperatures can be obtained from 
the electron ten^ierature since, at the equator, both ten5)eratures are 
approximately equal for height ranges above 300 km /McClure, 1969/* 

Each of the figures shows three vertical profiles, one before and, one 
after the satellite pass. The consistency between records can be used 
to indicate the degree of confidence that can be put on the different 
measurements. More accurate values can be obtained by smoothing in 
hei^t and time. 

The data is currently being compared with 060 -VI concentration and 
ion temperattires by Dr, Hanson’s group at the University of Texas, at 
Dallas, Preliminary restilts show good agreement. 

Seven of the satellite (OGO-YI) passes occurred at times where ^read 
•P was present, 7 /henever irregularities occur, echoes are received sev- 
eral orders of magnitude larger than the incoherent scatter signal re- 
ceived when the medium is in tbemodynamic equilibrium. The intensity 
of these echoes can be used -as an indication of the strength of the ir- 
regulariiies that produce them. The irregularities occur in very well 
defined layers and their height can be accurately determined. 

A very ;useful photographic technique has been developed at the ob- 
servatory to record the strength of the echoes in a logarithmic way with 



the necessary dynaaic range. Results are shown in Appendix II. Each 
frame records the height and stren^h of the echoes at the time marked 
along the film. The continuous marks are height marks 100 km apart. 

The ground pulse is at the bottom of the figure, the echo at 100 km 
corresponds to the S-region, the rest of the echoes are associated with 
Spread -F. The length of the white marks is a measure of the intensity 
of the echoes in dh above an arbitrary level (usually noise). The 
scale is 40 db betyreen two consecutive frames. Two antenna positions 
are used 6° apart on the E-¥ plane center around the vertical. They 
are switched every two frames. 

The three days in September were taken using a standard A-scan 
strip showing only the occurrence and height of the irregularities. 

The information is being compared with the observations taken by the 
satellite in collaboration ^’dth the University of Texas, at Dallas. 

O 

b) Electron Concentration and 6500 A Nightglow Measiureaent 

Simultaneous observations of electron density and vertical plasma 

, o 

drifts at Jicamarca and 6300 A nightglow emission at Huancayo have been 
carried out on five nights. The vertical drift has been obtained us- 
ing a technique recently developed at the observatory /Woodman. and Eagfors, 196^ 
The electron density data are logarithmic contour plots. The vertical 
drift velocity is the average value of drifts between 300 and 400 km, 
except during the presence of coherent echoes (from P-region irregular- 
ities) that completely mask the incoherent scatter signal in this alti- 
tude range and the average is taken from 400 to 500 km altitude. The 

dotted positions of the figures indicate the presence of these echoes 

o 

(equatorial Spread -F). The figures showing the 65OO A emission inten- 
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sities also show the vertical plasma drifts (W^), the maximxmi electron 
•concentration (h' ). and the three hours average of-K . These data are 

El • p 

shown in Figures C-1 to .0-10. Preliminary analysis and interpretation 
have been made in a recent comprehensive study of equatorial airglow 
r^orted by Lagos and Velasquez /197^» The information has been made 
available to the University of Texas, .afc Dallas for their studies, 
c) Specieil Events 

Simultaneous observations of N , T , and vertical drift were made 

e’ e’ 

during the great magnetic storm of March 8, 1970 during the Sep- 

-tember 11, I 969 solar eclipse. The information has been processed and 
■ analyzed. The data is presented and interpreted in the following pub- 
lications s 

Woodman, H. P. , ’•Jicamarea incoherent scatter observations dviring the 
March 1970 storm", in WOC-A Upper Atmosphere Geophysics , Eoulder , Co- 
lorado . Data on Solar Geophysical Activity Associated with the Major 
Geomagnetic Storm of March 8, 1970, Kept. UAG-12, April 1971» 5 Parts, 

pp. I 94 -I 99 . 

Sterling, D. X'. , W. B; Hanson, and R» F. ?/oodman, "Synthesis of e'quato- 
jrial data, from Jicamarea, Pena, during the September 11, I 969 eclipse" 
submitted, por publication.to Radio Science. 

Woodman, R. F._, D. 1. Sterling, and W. B'. Hanson, "Synthesis of Jicamar- 
ca data during the great storm of March 8,--1970“| to be submitted to 
Radio Scienceo 

The last two publications include synthesis of the data obtained 
using the mathematical model developed by Hanson and Sterling of the Uni 
versity of Texas, at- Dallas. The agreement is very good, showing that 
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there is now a very good understanding of the physical and chemical pro- 
cesses of the equatorial ionosphere. There is only one important para- 
meter that has not been measured yet, and that is needed for ttnambi- 
guously modeling the equatorial ionosphere; the Uorth South component 
of the ion velocity due to the drag caused hy the NS component of the 
neutral vdnd« 

Acknwo 1 edgement , The authors wish to thanlc the Jioamarca Staff for their 


technical assistance 
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APPENDIX I 


Figure Gap"bions. 

Fig. A la) -fco A 20a Electron density profiles for the times (75°^) 

and date indicated in the figure. There was a 
near overhead 060-VI pass within the period at 
a time and height shown in Table I of the main 
text. 

Pig. Alb) to A 10b Same as above, but the electron temperature pro- 
file is shown. 



APPENDIX II 


Figure Captions 

Pig. B1 to B4 Photographic, prints of a film strip showing .the struc- 
tiore, height , thickness, and strength of P-region irreg- 
ularities responsihie for Spread-P and satellite scintil- 
lations. . The film is centered around the time of a near 
overhead satellite pass shown in Table I. The vertical 
scale is 100 km in between continuous lines. The long- 
est of' the traces at the bottom correspond to the trans- 
mitter pulse interference. The next higher (100 km) . 
traces correspond to the electrojet. All higher traces 
are due to the presence of P-region irregularities. The 
length of the trace is a measure of the strength of the 
echoes with -a scale of 40 db between frames. 

Pig. B5 to B7 These show similar information as in B1 to B4, but there 
is no quantitative indication of the strength of the echo, 
A wider transmitter pulse Y/as used in these cases. The 
two lines on the top of the figure on S^tember B.- cor- 
respond to the next transmitter pulse. 



APPENDIX III 


Figure Captions, 

Fig. C la) to C 52' Electron density contour plots in a base ten loga- 
rithmic scale and the corresponding vertical drift 
velocity, 

o 

Fig, C lb) to C 5b 6500 A nightglow emission intensity corresponding 

to the densities in Figures C la) to C 59'. The 
vertical velocity W^, maximum density, N^, and 
hei^t of the maximum, h^, is also depicted. 
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ALTITUD PROFILES OP N. AND T COINCrDEM' WITH- OGO VI PASSES 
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APPENDIX II 

SPREAD-P OBSERVATIONS CO-ORDINATED WITH OGO-VI PASSES 
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APPENDIX III 


ELECTRON DENSITY CONTOURS, VERTICAL DRIFT, AND 65OO 
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